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R E  S U  M E N
Efecto  de  los  análogos  de  brasinoeste-
roides B6 y MH-5 sobre el metabolismo de las 
proteínas  durante  la  embriogénesis  somática 
en caña de azúcar.  El B6 y el MH-5, fueron eva-
luados en caña de azúcar (Saccharum spp.), y su 
efecto correlacionado con el metabolismo de las 
proteínas.  Callos  con  estructuras  embriogénicas 
fueron cultivados con 2 concentraciones de BB-6 
y MH-5 (0,001 y 0,01 mg l-1, respectivamente). 
Los controles fueron un tratamiento sin hormonas 
y otro con NAA. La producción de embrioides no 
mostró diferencias entre los controles y los BRs 
en la concentración más alta. Los BRs influencia-
ron los niveles de proteínas solubles, proteínas de 
almacenamiento y los de prolina libre. Cambios 
en la prolina libre podrían indicar que los BRs 
participan en respuestas de estrés. 
A B S  T R AC T
Brassinosteroid  analogs  (BRs),  BB-6 
and  MH-5,  were  evaluated  during  sugarcane 
(Saccharum  spp.)  somatic  embryogenesis,  and 
their  effect  correlated  to  protein  metabolism. 
Calli with embryogenic structures were cultured 
on a differentiation medium, supplemented with 
2  concentrations  of  BB-6  and  MH-5  (0.001 
and 0.01 mg l-1, respectively). A free hormone 
treatment  and  one  with  NAA  were  used  as 
controls. Regarding somatic embryos production, 
no  differences  were  found  between  control 
treatments and both BRs at high concentration. 
Both  BRs  influenced  total  soluble  proteins, 
storage proteins, and free-proline levels. Changes 
in free-proline levels can be an indication that 
BRs may be involved in stress responses. 
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INTRODUCTION
Brassinosteroids  (BRs)  are  recognized 
as  a  new  kind  of  growth  regulator,  able  to 
influence different physiological plant processes 
at  very  low  concentrations.  Then,  BRs  can 
affect  plant  elongation,  cellular  division, 
vascular development and reproduction (Núñez 
and  Robaina  2000,  Bishop  and  Yokota  2001, 
Friedrichsen  and  Chory  2001,  Mussig  and 
Altmann 2001). The biological activity of BRs 
sometimes resemble those of auxins, ethylene or 
gibberellins. In particular, interactions between 
auxin and BRs have been discussed. Mandava 
(1988) and Kim et al. (2000) demonstrated that 
BRs  are  involved  in  root  gravitropism  in  an 
IAA-dependent  manner.  Also,  BRs  affect  the 
biosynthesis  of  other  hormones  and  enhance 
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the  ethylene  production  (Mandava  1988). 
Interestingly,  12-oxophytodienoate  reductase-3 
involved in jasmonate biosynthesis is upregulated 
by BRs, suggesting a relation between BRs and 
jasmonate  signalling  (Schaller  et  al.  2000).  It 
should be noted that some sterol/BR mutations 
were recovered from genetic screens for other 
hormones, e.g. the fk mutant was observed in a 
screen for cytokinin mutants (Jang et al. 2000) 
and the sax1 mutation in a screen for ABA/auxin 
mutants  (Ephritikhine  et  al.  1999a).  Overall, 
these  results  indicate  that  information  can  be 
gained using BR and other hormone mutants to 
dissect the interactions of hormone response in 
plant metabolism.
BRs could act synergistically with auxins 
or  replace  them.  Biddington  (1992)  described 
synergisms of BRs with auxins and the stimulation 
of ethylene biosynthesis. Bais and Ravishankar 
(2002),  mentioned  changes  in  polyamine  titres 
in  response  to  pathogen  infections  and  as  an 
adaptation  of  plants  to  stress.  Brassinolide  at 
0.005 mg l-1 was suitable for callus growth and 
shoot regeneration when used at 0.2 mg l-1 of IAA 
and 3.0 mg l-1 of BA on calli of Spartina patens 
(Lu et al. 2003). 
Dwarf  and  de-etiolated  phenotypes  of 
some  Arabidopsis  mutants  were  rescued  by 
application  of  BRs  (Bishop  and  Yokota  2001). 
Abe (1989) reported that BRs not only increased 
yield of sugarcane in the field, but also tolerance 
to  stress  and  diseases,  and  decrease  damages 
caused by herbicides. BRs are active at extremely 
low concentrations (0.1-0.001 mg l-1). They can 
stimulate roots growth without causing any plant 
distortions.  The  effect  on  vegetative  growth 
is  particularly  strong  under  adverse  growing 
conditions  (e.g.  suboptimal  temperature  and 
salinity);  therefore,  BRs  can  be  called  “stress 
hormones”. Also, they have shown a low residual 
toxicity (Núñez 1999).
There are few reports about biochemical 
events  in  plants  when  BRs  are  applied;  thus, 
this study can provide an important contribution 
on  the  use  of  these  new  plant  regulators  in 
plant biotechnology. Our hypothesis is that BRs 
influence  sugarcane  morphogenesis  through 
nitrogen metabolism. The objective of this study 
was to evaluate the effect of 2 spirostanic analogs 
of brassinosteroids, BB-6 and MH-5 on sugarcane 
somatic embryogenesis, and correlate their effect 
with protein metabolism.
MATERIALS AND METHODS
Plant material
Segments of immature inflorescences (3-5 
mm  long)  of  sugarcane  (Saccharum  spp.)  var. 
CP52-43, a hybrid from CP43-64 and CP38-34, 
Canal  Point,  FL,  USA  were  used  for  callus 
production. 
Callus induction
Callus  induction  was  initiated  in  Petri 
dishes  containing  25  ml  of  MS  (Murashige 
and  Skoog  1962)  medium,  supplemented  with 
arginine (50 mg l-1) and 2,4-Dichlorofenoxyacetic 
acid  (2,4-D,  13.5  µmol  l-1),  for  21  days.  After 
callus formation, they were maintained in culture 
medium with 4.5 µmol l-1 of 2,4-D. Agar agar as 
gelling agent was used. pH was adjusted to 5.7 
before autoclaving. Calli were maintained in dark 
at 25°C.
Calli selection and treatments
Two-month  old  embryogenic  callus  were 
selected  for  each  treatment,  based  on  their 
morphology (Taylor et al. 1992). The differentiation 
medium used was the one described by Tapia et al. 
(1999). Treatments consisted of: a hormone free 
and MS basal medium with NAA (1 mg l-1) as 
controls; BB-6 (0.001 mg l-1); BB-6 (0.01 mg l-1); 
MH-5 (0.001 mg l-1); and MH-5 (0.01 mg l-1). 
Calli were placed in darkness for 7 days and 
then in culture chambers under fluorescent light 
with 16 h light at 50 µmol m-2s-2 photosynthetic 
photon flux density (PPF). Number of embryoids 
per  50  mg  of  callus,  and  their  classification NIEvES et al.: Brassinosteroids in sugarcane 73
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as  globular,  early  scutellar,  late  scutellar,  and 
“germinated” stages, were evaluated at 21 days. 
An embryoid was considered germinated when 
both root and leaf were elongated.
Total  soluble  protein  concentration  was 
measured at 0, 7, 14 and 21 days. At 14 days, the 
time of maximum protein concentration, storage 
proteins and free-proline were determined. Five 
Petri  dishes  with  8  calli  each  were  used  per 
treatment. The experiment was repeated 3 times. 
Biochemical analyses 
Total  soluble  proteins.  50  mg  of  callus  were 
crushed  in  liquid  nitrogen  using  a  glass  rod 
in  an  Eppendorf  tube  containing  borate-saline 
buffer  pH=8.5  (Altherr e t  a l .   1993).  Extract 
was centrifuged at 48000 xg and 4°C for 1 h, 
and  then  stored  at  -20°C  until  determination. 
Quantification was carried out using BSA (1.0 mg 
l-1) as binding agent (Bradford 1976). 
  
Storage proteins. The procedure followed was 
the one described by Osborne (1924) starting with 
250 mg of callus. Quantification was carried out 
as mentioned above.
Free-proline.  100  mg  of  callus  were  crushed 
in an Eppendorf tube with the aid of a glass rod 
following Bates et al. (1973).
Statistical analysis
The experiment was set up in a completely 
randomized  design.  Data  were  processed  by 
Statgraphics (version 2.0 for Windows). Statistical 
differences were determined using ANOvA and 
the Tukey Test. Percent data were transformed by 
means 2arcsin[(x/100)0.5] equation.
RESULTS
Figure 1 shows the behavior of free-proline 
in  different  treatments  with  BR  analogs  and 
both controls. The free-proline concentration was 
higher in the hormone free treatment, compared 
to the NAA, whereas both BRs reduced proline 
levels, especially at the lowest concentration of 
MH-5 (Figure 1); a treatment showing the higher 
percentage  of  embryoids  in  late  stages.  Low 
free-proline  concentration  correlates  with  total 
embryoids production. 
The influence of the different treatments 
on  embryoids  production  is  shown  in  table  1. 
Even  though,  the  highest  concentration  of  BR 
evaluated produced more embryoids at 21 days 
than  the  control  treatment,  but  less  than  the 
NAA treatment (hormone usually used for callus 
induction in sugarcane), no statistical differences 
were found. However, statistical differences were 
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Fig. 1.  Effect of BR analogs -BB-6 and MH-5- on free proline levels in calli of sugarcane var. 
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observed  between  controls  and  MH-5  at  0.01 
mg l-1, the later producing the highest numbers 
of globular, early, and late scutellar embryoids. 
Germinated  embryoids  in  the  NAA  and  BB-6 
(0.01 mgl-1) indicates the early induction of root 
differentiation. 
Table  2  is  showing  the  behavior  of  the 
total soluble proteins of embryoids. These proteins 
concentration declined during differentiation in all 
treatments; although at 14 days -the beginning of 
embryoids  differentiation-  there  was  an  increase 
with MH-5 and BB-6 (0.01 mg l-1). At 21 days soluble 
proteins concentration was lower than the control 
treatment.  As  mentioned  before,  these  treatments 
also showed the highest number of embryoids.
Storage  proteins  percentages  are  shown 
in  table  3.  In  relation  to  albumins,  the  lowest 
concentration  of  both  BRs  induced  the  biggest 
Table 1.  Effect of the BR analogs BB-6 and MH-5 on sugarcane embryogenic callus
Treatments
Number of  
Embryoids*
Globular Early Scutellar Late Scutellar Germinated
Control  151.6a 13.6b 29.1b 34.5ab 74.4b
NAA (5.37 µmol) 191.9a 15.0b 29.3b 40.3a 107.3a
BB-6 (0.001 mg l-1) 119.3b 14.2b 20.4bc 26.5b 58.2bc
BB-6 (0.01 mg l-1) 172.9a 16.2b 20.6bc 30.4b 105.7a
MH-5 (0.001 mg l-1) 102.0b 10.8b 17.2c 25.8b 48.2c
MH-5 (0.01 mg l-1) 183.7a 25.0a 43.8a 47.2a 67.0bc
SE 15.03 3.02 4.06 4.63 10.16
Significance * * * * *
*  Number of embryoids=embryoids per 50 mg of callus
  Different letters in the same row indicate statistical differences at p<0.05).
Table 2.   Total soluble proteins (mg g-1 of fresh mass) in sugarcane callus treated with the BR analogs BB-6 and MH-5
Treatments
Time (days)
0 7 14 21
Control 199.03 129.87 123.91bc 65.54a
NAA (1 mg l-1) 199.03 130.88 108.87d 60.33a
BB-6 0.001 mg l-1 199.03 129.73 116.34d 48.11b
BB-6 0.01 mg l-1 199.03 129.63 155.17a 45.99b
MH-5 0.001 mg l-1 199.03 121.79 133.45b 62.06a
MH-5 0.01 mg l-1 199.03 125.89 143.02a 40.13bc
SE 7.02 4.06 4.63
Significance NS NS * *
Different letters in the same row indicate statistical differences at p<0.05).NIEvES et al.: Brassinosteroids in sugarcane 75
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values, the opposite was observed in the case of 
globulins. Compared to both controls, prolamin 
levels decreased in all BRs treatments; a similar 
situation was observed for glutelins, except for 
MH-5 at 0.01 mg l-1 (Table 3).
DISCUSSION
Brassinosteroids  are  able  to  influence 
several  physiological  plant  processes, 
including  cell  division  and  elongation, 
biomass  accumulation,  reproduction,  vascular   
development,  etiolation,  interaction  with  other 
hormones  and  environmental  factors,  and 
ethylene  biosynthesis  induction  (Sasse  1990). 
They  may  also  have  an  effect  in  developing 
insects and fungi resistance (Sasse 1997). 
Applications  of  brassinosteroids  as  ‘anti-
stress  hormones’,  have  been  done  by  Takeuchi 
(1992) in rice, Wilen et al. (1995) in bromegrass 
for  temperature  stress,  and  vasyukova  et  al. 
(1994) for disease stress. Since Hare et al. (1999) 
consider  proline  accumulation  a  mechanism  of 
stress resistant; several authors stated that proline 
accumulation in plant tissues  is  the result of a 
decline in proline degradation, an increment in its 
biosynthesis, and proteins hydrolysis (Yoshiba et 
al. 1997, Hare and Cress 1997, Hare et al. 1999). 
In  rice,  application  of  24-epibrassinolide 
showed  a  decrease  in  electrolytes  flow  during 
freezing  at  1-5ºC,  indicating  a  reduced  low 
temperature  injury,  most  likely  due  to  an 
improvement  of  the  membrane  stability  and 
osmo-regulation. The hormone also provoked a 
decrease  of  malondialdehyde  and  reduced  the 
superoxide dismutase activity; while the ATP and 
proline levels increased (Wang and Zeng 1993).
Our  results  imply  that  the  BRs  studied 
were involved in differentiation and maturation of 
sugarcane somatic embryos, caused by a decrease 
in proline synthesis. These results corroborate the 
hypothesis of the ‘anti-stress‘ action of this new 
plant growth regulators. Since the percentage of 
embryoids  reaching  late  stages  did  not  exceed 
50%  in  any  treatment  (Table  1).  This  can  be 
the  result  of  the  action  mode  of  these  growth 
regulators, and a lack of knowledge of application 
time and the conditions required for the BRs’s 
expression during differentiation in Gramineae. 
Based  on  these  results  we  consider 
that  BRs  BB-6  and  MH-5  influenced  proteins 
metabolism, in particular storage proteins, which 
are considered as an important nitrogen reserve 
in somatic and zygotic embryos.
Albeit,  to  our  knowledge,  these  results 
constitute the first evidence of the effect of BRs 
on  somatic  embryogenesis  in  sugarcane,  more 
detailed studies are recommended to determine 
the genetic origin of the protective attributes of 
BRs, as well as their role in proteins metabolism, 
Table 3.  Storage proteins in callus of sugarcane treated with the BR analogs BB-6 and MH-5.
Treatments Albumins Globulins Prolamins Glutelins
Control  26.61±0.5 14.75±0.1 18.43±0.5 39.63±0.4
NAA (1 mgl-1) 45.41±0.6 16.51±0.2 14.22±0.6 17.43±0.6
BB-6 0.001 mgl-1 66.12±1.1 7.86±0.1 8.35±0.4 16.20±0.3
BB-6 0.01 mgl-1 54.77±0.3 22.61±0.4 7.91±0.3 11.68±0.2
MH-5 0.001 mgl-1 52.99±0.3 18.40±0.3 7.91±0.2 13.29±0.3
MH-5 0.01 mgl-1 38.58±0.5 27.77±0.4 7.91±0.3 19.23±0.4
values are expressed in percentage ± SEAGRONOMÍA COSTARRICENSE 76
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and of course to better understand their effect on 
stress tolerance mechanisms.
ACKNOWLEDGEMENTS
To the Higher Education Ministery of Cuba 
for  their  financial  support.  To  Ph.D.  Francisco 
Coll,  Faculty  of  Chemistry,  Havana  University, 
for providing the Brassinosteroid analogs. 
LITERATURE CITED
ABE  H.  1989.  Advances  in  brassinosteroid  research  and 
prospects  for  its  agricultural  application.  Japan 
Pesticide Information 55: 10-14. 
ALTHERR  S.,  STIRN  S.,  JACOBSEN  H.J.  1993. 
Inmunobiochemical  analysis  of  a  nuclear  protein 
marker for regeneration potential in higher plants. 
Journal of Plant Physiology 141: 415-422. 
BAIS H.P., RAvISHANKAR G.A. 2002. Role of polyamines 
in the ontogeny of plants and their biotechnological 
applications. Plant Cell, Tissue and Organ Culture 
69(1):1-34. 
BATES L.S., WALDRON R.P., TEARE L.D. 1973. Rapid 
determination  of  free  proline  for  water-stress  stu-
dies. Plant and Soil 39: 205-207. 
BIDDINGTON  N.L.  1992.  The  influence  of  ethylene  in 
plant  tissue  culture.  Plant  Growth  Regulation  11: 
173- 187. 
BISHOP G.J., YOKOTA T. 2001. Plants steroid hormones, 
brassinosteroids:  Current  Highlights  of  Molecular. 
Aspects  on  their  synthesis/metabolism,  transport, 
perception, and response. Plant Cell Physiol. 42(2): 
114–120. 
BRADFORD M.M. 1976. A rapid and sensitive method for 
the  quantitation  of  microgram  quanties  of  protein 
dye binding. Annals of Biochemistry 72: 248-254. 
EPHRITIKHINE  G.,  FELLNER  M.,  vANNINI  C., 
LAPOUS  D.,  BARBIER  BRYGOO  H.  1999.  The 
sax 1 dwarf mutant of Arabidopsis thaliana shows 
altered  sensitivity  of  growth  responses  to  abscisic 
acid, auxin, gibberellis and ethylene and is partially 
rescued by exogenous brassinosteroids. Plant Journal 
18: 303–314. 
FRIEDRICHSEN  D.,  CHORY  J.  2001.  Steroid  signal-
ing in plants: from the cell surface to the nucleus. 
Bioessays 23: 1028–1036.
HARE P.D., CRESS W.A., vAN STADEN J. 1999. Proline 
synthesis and degradation: a model system for eluci-
dating stress-related signal transduction. J. Exp. Bot. 
50: 413–434.
HARE PD., CRESS W.A. 1997. Metabolic implications of 
stress-induced proline accumulation in plants. Plant 
Growth Regulation 21: 79-102. 
JANG  J.C.,  FUJIOKA  S.,  TASAKA  M.,  SETO  H., 
TAKATSUTO S., ISHII A., AIDA M., YOSHIDA 
S.,  SHEEN  J.  2000.    A  critical  role  of  sterols  in 
embryonic  patterning  and  meristem  programming 
revealed by the fackel mutants of Arabidopsis tha-
liana. Genes Dev. 14: 1485–1497.
KIM  S.K.,  CHANG  S.C.,  LEE  E.J.,  CHUNG  W.S.,  KIM 
Y.S., HWANG S., LEE J.S. 2000. Involvement of 
brassinosteroids in the gravitropic response of pri-
mary root of maize. Plant Physiol. 123: 997–1004.
LU  Z.,  HUANG  M.,  GE  D.P.,  YANG  Y.H.,  SHE  J.M., 
QIN  P.,  CA  X.N.  2003.  Effect  of  brassinolide  on 
callus growth and regeneration in Spartina patens 
(Poaceae).  Plant  Cell,  Tissue  and  Organ  Culture 
73 (1): 87-89. 
MANDAvA  B.N.  1988.  Plant  growth  promoting 
brassinosteroids.  Annu.  Rev.  Plant  Physiol.  Plant 
Mol. Biol. 39: 23–52.
MURASHIGE T., SKOOG F. 1962. A revised medium for 
rapid growth and bioassays with tobacco tissue cul-
ture. Physiología Plantarum 15: 473-497. 
MUSSIG C., ALTMANN T. 2001. Brassinosteroid signaling 
in plants. Trends Endocrinol. Metab. 12: 398–402. 
NÚÑEZ M. 1999. Aplicaciones prácticas de los brasinoes-
teroides y sus análogos en la agricultura. Cultivos 
Tropicales 20(3): 63- 72. 
NÚÑEZ  M.,  ROBAINA  C.M.  2000.  Brasinoesteroides. 
Nuevos  reguladores  del  crecimiento  vegetal  con 
amplias  perspectivas  para  la  agricultura.  IAC. 
Campinas. p.83.
OSBORNE T.B. 1924. The vegetable proteins. Longmans, 
Green, London. 
SASSE  J.M.  1990.  Brassinolide  -  induced  elongation  and 
auxin. Physiologia Plantarum 80:401- 408. NIEvES et al.: Brassinosteroids in sugarcane 77
Agronomía Costarricense 31(2): 71-77. ISSN:0377-9424 / 2007
SASSE  J.M.  1997.  Recent  progress  in  brassinosteroid 
research. Physiologia Plantarum 100: 696- 701. 
SCHALLER F., BIESGEN C., MÜSSIG C., ALTMANN T., 
WEILER E.W. 2000. 12-Oxophytodienoate reducta-
se 3 (OP3) is the isoenzyme involved in jasmonate 
biosynthesis. Planta 210: 979–984.
TAKEUCHI  Y.  1992.  Studies  on  physiology  and  applica-
tions  of  brassinosteroids.  Shokubutsu  no  Kogaku 
Chosetsu 27: 1-10. 
TAPIA  R.,  CASTILLO  R.,  NIEvES  N.,  BLANCO  M.A., 
GONZÁLEZ  J.L.,  SÁNCHEZ  M.,  RODRÍGUEZ 
Y. 1999. Inducción, maduración y encapsulación de 
embriones somáticos de caña de azúcar (Saccharum 
sp.  híbrido)  var.  CP  5243.  Biotecnología  Aplicada 
16(1): 20-23.
TAYLOR  P.W.J.,  KO  H.L.,  ADKINS  S.W.,  RATHUS  C., 
BERCH R.O. 1992. Establishment of embryogenic 
callus and high protoplast yielding suspension cul-
ture of sugarcane (Saccharum spp ) hybrids. Plant 
Cell, Tissue, and Organ Culture 28: 69-78. 
vASYUKOvA  N.J.,  CHALENKO  G.I.,  KANEvA  L.M., 
KHRIPACH v.A. 1994. Brassinosteroids and potato 
blight. Prikl. Biokhim. Mikrobial 30:464-470. 
WANG B., ZENG 0. 1993. Effect of epibrassinolide on the 
resistance of rice seedling to chilling injury. Zhiwu 
Shengli Xue bao 19: 53- 60. 
WILEN R.W., SACCO M., GUSTA L.v., KRISHNA P. 1995. 
Effects of 24- epibrassinolide on freezing and ther-
motolerance  of  bromegrass  (Bromus  inermis)  cell 
cultures. Physiologia Plantarum 95: 195- 202. 
YOSHIBA Y., KIYOSUE T., NAKASHIMA K., YAMAGUCHI-
SHINOZAKI K., SHINOZAKI K. 1997. Regulation of 
levels of proline as an osmolyte in plants under water 
stress. Plant Cell Physiol. 38: 1095-1102.